We consider the relationship between emotions and decision-making under risk. Specifically, we examine the emotional correlates of risk-averse decisions. In our experiment, individuals' facial expressions are monitored with facereading software, as they are presented with risky lotteries. We then correlate these facial expressions with subsequent decisions in risky choice tasks. We find that the valence of one's emotional state is negatively correlated, and the strength of a number of emotions: fear, happiness, anger, and surprise, is positively correlated, with risk-averse decisions.
Introduction
The mechanisms that underpin choice under risk have been a major focus of research in economics, psychology, and neuroscience. The traditional approach in economics has been to postulate the existence of a utility function that represents an individual's preferences, and to note that concavity implies a preference for relatively safe lotteries, while convexity corresponds to a preference for relatively risky lotteries. Neuroscientists have documented the physiological correlates of risky decision making.
Psychologists and behavioral economists stress the role of emotions such as happiness or fear in guiding individuals' choices in risky situations (see Coget et al., 2011; Loewenstein and Lerner, 2003; Forgas, 1995) .
The focus of the work reported here is to better understand the connection between emotions, which are ultimately psychological terms describing profiles of physiological responses, and the level of risk aversion exhibited in financial decision making tasks. We study the physiological manifestation of emotion that accompanies decision making under risk. We report an experiment in which we record individuals' facial expressions while they are presented with a series of risky lotteries. We then consider whether the emotional response of an individual correlates with her subsequent decisions between risky alternatives. The hypotheses we test originate in previous experimental research and are discussed in section two. These hypotheses are that the levels of (1) fear, (2) happiness, (3) anger, and (4) overall positive affect, the decision maker exhibits when presented with risk lotteries, correlate with the level of observed risk aversion in the subsequent decision task.
We introduce a new research method, face-reading, to economics. The software we employ, Noldus Facereader, analyzes facial expressions, and measures the degree of conformity with the six basic universal emotions catalogued by Ekman (1979) . These emotions are fear, happiness, anger, disgust, surprise, and sadness 2 (Ekman and Friesen, 1986; Ekman, 1994; Izard 1994) . They are described as universal because the same facial expressions are associated with these emotions in all cultures, the expressions are common to all primates, and they are identical in blind and in sighted people, indicating that they are innate rather than the product of social learning. Facereader also registers an overall measure of emotional valence. Unlike questionnaire data, Facereader records participants' emotional states in nearly real time (Reisenzein, 2000) , at a sample rate of five times per second. Compared to other methodologies measuring biological responses, such as Skin Conductance Response registration and fMRI imaging, FaceReader has the advantage that it interprets physiological responses directly in terms of specific emotions.
Some previous research has taken a valence-based approach to affect, focusing on the impact of overall negative or positive emotional state (Isen, 1997; Johnson and Tversky, 1983; Simonsohn, 2007; Capra, 2004) . However, DeSteno et al., (2000) and Kugler et al. (2012) argue that it is important to distinguish the various emotions that make up overall valence, and other studies have focused on the role of specific emotions such as fear (Lopes, 1987) , anger, and disgust (Fessler et al., 2004) . Appraisal theory distinguishes emotions at a more fine-grained level than merely positive or negative (Tiedens and Linton, 2001 ; Lerner and Tiedens, 2006) . We take both approaches here, considering both the predictive power of overall valence, as well as specific emotions, on risk tolerance.
With a few exceptions (e.g., Bruyneel et al., 2009; Fessler et al., 2004; Lerner et al., 2004) , studies of the effect of incidental emotions on risk-taking have been limited to risk assessments or hypothetical choices, rather than tasks involving real decision consequences. In this study, we use real incentives, in keeping with the conventional approach in experimental economics. We also depart from 2 Zaman and Shrimpton-Smith (2006) compare data measuring individuals' emotional states from three sources: the results from respondent questionnaires, interviewer loggings of respondent emotions, and FaceReader data from respondent facial expressions. They found that FaceReader output was highly correlated with the other two measures. They noted that FaceReader had the advantage that it operated in real time and could thus register very brief emotional episodes and rapid changes.
the previous literature in that instead of inducing emotions exogneously, we merely measure them and consider how they react to different levels of stimuli over the course of our experimental sessions.
It is important to emphasize the distinction between emotions and moods. Several features distinguish the two concepts. Emotions are shorter-lived, more intense, and typically reactions to specific circumstances (Capra, 2004) . Moods, on the other hand, are longer in duration, less intense and not usually linked to a proximate event. Some emotions express themselves in distinctive facial expressions, while moods do not (Ekman, 1994) . 3 The issue at hand in the study reported here is whether emotional reactions to specific stimuli correlate with subsequent decisions.
Section 2 describes the experiment, and section 3 lays out our hypotheses. Section 4 reports the results and section 5 contains some concluding remarks.
The Experiment
The 30 participants in our study were Tilburg University students, who were recruited via online selfenrollment for the experiments through the CenterLab website at Tilburg University. The sample consisted of 13 men and 17 women, all aged between 18 and 25 years. Each session consisted of four segments. Only one subject participated in each session. The experiment was implemented with the online VeconLab software, developed at the University of Virginia, with modified instructions.
The first and second segments each consisted of 10 trials. In the first segment, individuals were presented with a payoff level in each trial. The level was either: 1, 3.5, 6, 8.5 or 12 Euros in a given trial.
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Each value appeared exactly twice within the 10-period segment. We display each stimulus more than once and average the response across the two identical trials. This is a typical procedure in neuroeconomic studies involving physiological measures. It reduces the influence of noise, here in the form of incidental face movements, on the data. Such one-time face movements can greatly affect an individual trial, but would have less of an impact if multiple trials are averaged. Each subject was required to wait for 30 seconds after the payoff level for the current trial appeared on her screen. After the 30 seconds had elapsed, she could click on a button and proceed to the next trial.
The second segment, which also consisted of ten trials, was similar, except that the individual was presented with various risky lotteries. Each lottery yielded 6 + ε Euro with probability .5 and 6 -ε Euro with probability .5. The value of ε varied between 1 and 5 by trial, with each value appearing twice within the 10 trials. Thus, in each trial the individual faced a lottery with an expected value of 6 Euro, but with a variance that differed across trials. In both the first and the second segments, the stimuli were presented in a random order that differed by subject.
In the third segment, subjects made ten pairwise choices between a safe and a risky alternative.
The ten choices were made in sequence so that each decision constituted one trial. The choices are given in table 1, and the sequence of the ten tasks was random and differed for each individual. In each of the tasks, subjects chose between a sure 6 Euro and the lottery indicated in the column labeled "Risky Alternative". Each of the two outcomes indicated in the column occurred with probability .5. For example, in task 1, subjects chose between a sure 6 Euro and a lottery that paid 7 Euro with probability .5, and 5 Euro with probability .5.
The fourth segment was the risk aversion task originally studied by Holt-Laury (2002) . This task involves a series of ten choices between two lotteries of the form p*x 1 + (1-p)*x 2 and p*y 1 + (1 -p)*y 2 , where y 2 > x 2 > x 1 > y 1 , and p varies monotonically from .1 to 1 in increments of .1 in the ten different choices. These were presented sequentially so that the segment consisted of ten trials. A risk neutral agent would choose the relatively safe lottery p*x 1 + (1-p)*x 2 in four of the ten instances (for p ≤ .4). A risk averse (risk seeking) agent would choose the safe lottery in more than (less than) four of the ten trials. In the experiment (x 1 , x 2 , y 1 , y 2 ) = (4, 5, .25, 9.63) Euro.
All participants received financial compensation for their participation. At the end of the session two random draws occurred that determined the remuneration for the participant. The first determined which of the four segments would count toward subjects' payment. The second determined which trial within the segment would count. Thus, only one trial overall counted toward each subject's payment and which trial this was differed by subject. (Uyl and Kuilenberg, 2005) , and corresponds closely to observers' evaluations (Terzis et al., 2010) 3. Hypotheses 3.1. Valence and Risk Fessler et al. (2004) argue that the majority of contemporary theories regarding the relationship between risk taking and active emotions either derive from, or are reactions to, one of two approaches.
These are the mood maintenance hypothesis of Isen and Patrick (1983) , and the affective generalization hypothesis of Johnson and Tversky (1983) . The mood maintenance hypothesis states that individuals in a positive mood decide against gambling because losing could undermine their positive mood. Thus, individuals in a negative mood would display more risk-taking behavior by seeking out risks that might improve their mood than those individuals in a positive mood. The evidence for mood maintenance is mixed (Arkes et al., 1988; Mano, 1992; Nygren et al., 1996; Rusting and Nolen-Hoeksema, 1998; Kring, 2000) .
The affective generalization hypothesis of Johnson and Tversky (1983) concerns the role of affect in judgments of probabilities. They argue that negative emotions trigger more pessimistic risk assessments, while positive emotions evoke more positive risk assessments, and this leads individuals in a more positive mood to take more risk, even if the source of the emotion has no relation to the target risks.
Most previous evidence is consistent with this hypothesis (Lerner et al., 2004 , Kugler et al 2012 . We thus hypothesize that a more positive emotional valence when an individual is presented with risky lotteries predicts less risk-averse decisions.
Hypothesis 1: Individuals, who exhibit more positive valence when presented with lotteries in segment two, make less risk-averse decisions in segments three and four.
Specific emotions and risk
Emotions are distinct from moods in that they are short term in duration and occur in reaction to specific
experiences. An emotion contains a prototypic form of, typically facial, expression (Izard, 1977) , along with a pattern of consistent autonomic changes and a distinct state of subjective feeling. For example, the emotion of fear is characterized by a distinctive facial expression in which the eyebrows are raised and drawn together, the lower lip is tensed, the lips are stretched backwards and the eyes are opened widely (Ekman and Friesen, 1975) . At the same time, fear is also associated with marked autonomic changes, including an increase in skin conductance response and an increase in heart rate (Ekman et al., 1983) .
Finally, fear involves a characteristic experiential state in which the individual feels scared, nervous, frightened, and apprehensive (Izard, 1977; Watson and Clark, 1992) . Fear is a reaction to situations of perceived danger or risk and motivates various behaviors (e.g. flight) that are designed to escape from or eliminate that danger.
The intensity of an emotion depends on a number of variables, which are present in the construal of the situation that gives rise to the emotion in the first place (Ekman, 1994) . Ortony et al. (1988) propose that such appraisals are based on three kinds of cognitive structures -goals, standards and attitudes that underlie a given emotional episode. Frijda et al. (1992) distinguish between multiple dimensions of emotional intensity. In particular, the amplitude of a reaction is distinct from its duration.
Goal importance may influence the overall emotional impact of a situation through the duration of an emotional reaction, as well as through its momentary amplitude (Sonnemans, 1991) . Pfennig et al. (1991) show that the more that a stimulus is relevant to one's goals, the greater the duration of the emotional reactions that result. Tsai and Young (2004) argue that anger is associated with greater personal control and less situational control than fear, though they often occur in the same situations. 5 The Appraisal Tendency
Framework of Lerner and Keltner (2001) , suggests that judgment and choice are influenced differently by emotions of the same valence. According to Lerner and Tiedens (2006) and situational control of negative events. Fear leads to more pessimistic risk estimates. The consequence is that angry people take more risk, whereas fearful people are more risk averse. In a similar vein, Tsai and Young (2010) write "Angry individuals will perceive lower risk inherent in their initial decision, whereas fearful individuals will perceive higher risk inherent in their initial decision, which in turn will lead to different levels of escalation of commitment." Empirically, Sitkin and Weingart (1995) , as well as Lerner and Keltner (2006) , find that fear can have a significant influence on judgments of risk. Selfreported anger leads to more risk taking and fear to less risk taking.
Tiedens and Linton (2001) Some previous research has connected emotion to risk-aversion using different methods. Kugler et al. (2012) examine the effects of anger and fear, which were created using exogenous induction procedures, on risk-taking behavior in tasks involving lottery choice as well as a task involving personbased risk with real financial payoffs. They find that fearful participants are more risk averse than angry 5 People typically report becoming mildly to moderately angry anywhere from several times a day to several times a week (Averill, 1982) . Ekman (2007) writes "Anger is not an emotion that is felt alone for long. Fear often follows and precedes anger, fear of the harm the target of anger may inflict or fear of one's own anger, of losing control, of inflicting harm." participants in lottery choice tasks. Lerner and Keltner (2006) find that happiness induction leads to greater risk taking. Our study differs from these in that emotions are endogenous rather than exogenously induced. Nonetheless, these studies seem to be the closest guide for what we might expect in our experiment, and we use them to advance the following hypotheses. To measure the magnitudes of fear, anger, or happiness exhibited in segment two, we the average level of each of the three emotions is registered over the first five seconds of each of the ten trials in the segment. The first five seconds are used because after that time interval, the emotional state can be most plausibly be directly connected to the cue. Table 2 shows the levels of anger, fear, surprise, and happiness of individuals, as well as the overall emotional valence, in segment two, averaged across all individuals and trials. The upper panel corresponds to segment 1. Each row denotes one of the five possible payoff levels in a trial, ranging from 1 -11 Euros. Each column describes valence of one of the emotions. The lower panel reports the data for segment 2. Each row in the panel corresponds to one of the levels of risk that appeared in the segment, with spreads ranging from 2 -10 Euros. The data in the table are averaged over all of the participants and over the two trials in which the condition was in effect.
Results

General Patterns in the Data
In the panel corresponding to segment 2, the asterisks indicate the results of paired difference tests between the conditions described in the same and the row that immediately follows. An asterisk in the row corresponding to payoff level 11 Euros means that the level of the emotion indicated in the column significantly differs from the amount for payoff level 1 Euro. An asterisk in the row for ε = 5 Euro, indicates that the level of the emotion under ε = 5 differs from that when ε = 1 Euro. The row labeled  indicates the correlation between the riskiness of the lottery displayed, as measured by ε, and the average level of emotion that subjects exhibit. The last row of the table, labeled p-value, indicates the level at which the correlation is significantly different from zero. The table illustrates the following patterns. The association between the payoff levels in the trials of segment 1 and emotional valence, as well as with the specific emotions of fear, happiness, anger, and surprise, is weak and inconsistent, though surprise is greater when the smallest possible payoff is presented. For segment 2, a decrease from the second lowest to the lowest possible level of risk triggers an increase in happiness and in valence. Valence and happiness are significantly greater for the lowest level of risk than for the second lowest, while anger and surprise are lower. However, the data in the row labeled  reveal that none of the emotions are correlated with risk on an overall basis.
The behavioral data from segment three are shown in table 1 and those from segment four are illustrated in figure 1. The data in table 1 show that individuals are more likely to choose the risky alternative, the greater its expected value and the lower its variance. The distribution of decisions, shown in figure 1, reveals that most individuals are risk averse, in that they make more than four safe choices. Indeed, only 13.3% of individuals are risk neutral or risk seeking, while 86.7% are risk averse. The average number of safe choices is 6.13, which is modestly greater, though comparable, to the typical level that is found in previous studies (see for example Holt and Laury, 2002) .
We now turn to the relationship between emotions in segment two and decisions in segments three and four. Figures 2 -4 relate the emotions of fear, anger and happiness to decisions in segment four.
The horizontal axes indicate the intensity with which an individual's facial expression reflects the emotion in question. In figures 2 and 3, this is expressed in terms of natural logarithm to make the data points more distinguishable. Those individuals who express the emotion most strongly are given toward the right of the figures. The vertical axes indicate the number of safe choices in segment four. Figure 2 indicates that the level of fear exhibited in section two is correlated with the number of risk-averse decisions in segment four, for both men and women. The more fear exhibited in segment two, the more risk averse decisions are in segment four. This pattern is consistent with hypothesis 2. Figure 3 suggests that happiness is uncorrelated with risk aversion for women, but positively correlated for men, which runs counter to hypothesis 3. Figure 4 shows no strong relationship between anger and risk aversion, for either gender. In figures 4 and 5, the emotional variables are expressed as logarithms of the facereader output, for the sake of visual clarity.
Tests of Hypotheses
We now consider the hypotheses advanced in section two more rigorously, by estimating a number of regression specifications in which a number of other factors that might influence decisions are controlled for. The results are given in table 3. In the first three columns, the dependent variables are whether a safe or risky choice was made in segment 3. Each decision in each segment by each subject is an observation, for a total of 300 observations. Probit specifications are used in these equations, and The sample used in a regression is either all participants, or only the subsets of male or female participants. In specifications in which all participants are used, gender is included as an independent variable. This is done because gender is a known determinant of risk aversion, with women being more risk averse than men (Eckel and Grossman, 2008) . Because gender may interact with the other emotions, we estimate models with both genders separately, in addition to for the pooled data. The independent variables of valence and the individual emotions are the average values over the totality of segment two. Happiness is a significantly positive correlate of the number safe choices in segment four.
Increases in happiness of .078 and .063 are associated with changes from 4 to 5 and 5 to 6 safe choices respectively. Thus, we soundly reject hypothesis three, which asserts that happiness correlates negatively with risk aversion. Anger 6 follows a similar pattern. It has a positive and significant coefficient in almost all specifications, including for segment three, in which it is the only emotion that is significant. In segment 4, increases of .055 and .045 in anger are associated with differences between 4 and 5, and 5 and 6 safe choices respectively. Therefore, we also reject hypothesis four.
Greater surprise predicts more risk-averse decisions in both segments three and four. The fact that a facial expression of surprise is a good predictor of decisions suggests one of two possible interpretations: The first is that it is a relevant emotion that predicts decisions in many situations. This is plausible since, unlike anger, fear, and happiness, its role in risky decision making has not been explored other than as a reaction to an outcome (Berns et al, 2008; Mellers, 2013) . The second interpretation is that the facial expression that Facereader classifies as surprise may reflect a different emotion, other than the universal emotions, which is correlated with risk attitude.
The facial expressions are better predictors of decisions in segment four than in segment three. This is somewhat surprising since the format of segment two is more similar to segment three than to four. Segment three also occurred at a moment closer in time to the facial expression measurement than segment four. We do not yet have a satisfactory explanation for the difference in the predictive power of facial expressions between segments three and four. Nevertheless, as indicated in table 3, decisions in segment three do have the features that they trade off mean and variance in a manner reflecting risk averse decision making. The greater the mean payoff of the risky lottery compared to the sure payment, the more likely it is to be chosen, while the greater the variance of the payoff of the risky lottery the less likely it is to be selected.
Conclusion
In this study, we have introduced a new methodology, face reading, to economics. We have applied it to a simple question: can facial expressions in reaction to the presentation of lotteries, when fitted to psychological constructs such as anger, fear and happiness, predict the level of risk aversion an individual exhibits? We obtain two principal conclusions.
The first conclusion is that more positive emotional valence is associated with greater risk tolerance. This pattern is consistent with the affective generalization hypothesis, under which positive emotions promote more risk taking. This remains the case if we control for gender, where we replicate the result that women are more risk averse than men. This positive relationship between risk tolerance and emotional state can account for the relationship between positive emotion and asset prices (Andrade et al. 2012; Lahav and Meer, 2010; Hargreaves-Heap and Zizzo, 2012) , and the relationship between risk aversion and high bids in first-price sealed bid auctions (Bosman and Riedl, 2003) .
The second is that stronger emotions are associated with more risk-averse decision making.
Greater fear, anger, happiness and surprise are all significant predictors of risk-averse decisions. All of these emotions are associated with more risk aversion. Those who remain relatively emotion-free when presented with lotteries, make decisions closer to risk neutrality. Nevertheless, after controlling for emotional state, women remain more risk averse than men. This means that differences in emotion to not account for the often observed gender difference in risk-aversion.
The finding that anger and happiness correlate with more risk averse decisions does run counter to some of the previous studies discussed in section two, and the discrepancy may be accounted for by the very different protocols and methods of measuring emotions. Nonetheless, our findings, along with those of many other studies, underscore the connection between emotions and economic decisions. In our view, the fact that risk aversion can be predicted in the absence of choice with face reading software is especially interesting. This ability may be useful for the design of financial products and investment vehicles, since it can reveal at minimal cost, which individuals might be suited for relatively low-and high-risk products.
